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gas chromatography relative to known standards. nausiDie mcwi<uu*uu> ^ o^-v^v ^ ~~ v^~u 
may be written involving both a-hydride delivery with a 1,2 alkyl migration or ^-hydride transfer but further 
experiments were not carried out to study this aspect. Although this result was not synthetically useful, it 
suggested that a group such as allyU2 might be a better alternative. Triallylborane, as the ally! source, was 
prepared by nucleophilic substitution of boron trifluoride etherate with allylmagnesium chloride in diethyl 
ether". Reaction of its "ate" complex, formed with butyllithium, with 1,1-dimethoxyoctane and TMSOTf in 
THF at -78°C afforded the desired homoallyl ether in 75% yield after column chromatography. Scheme 2. 
The following account describes the scope and limitations of this novel intermolecular transfer reaction. 




OMe 



75% 



>■ 



(i) Li + BuB"(allyl) / TMSOTf / THF / -78°C. 

Scheme 2 



2. Results and Discussion. 

a) The scope of acetaL 

Acetals have assumed a pivotal position in dissociative substitution chemistry with various groups now 
being used in synthesis. Thus, a range of acetals were selected and reacted with lithium /j-butyltriallylborate 
and TMSOTf in THF at -78'C to test out the procedure. The results are presented in Table 1. Acyclic acetals 
generally gave yields of around 70% after chromatography while the less basic dioxane and dioxolane entries 
gave lower yields, with the 1,3-dioxane of octanal (entry 7) giving a significant amount of the reduction 
product. The lower yields of the cyclic acetals were later explained by a solvent effect which also accounted 
for the lack of reactivity of 0,S acetals in THF (see solvent section)- Entries 9 and 11 were used to probe the 
possibility of simple diastereoselection in the reaction The 1 :1 ratio of diastereomers in each case supports an 
S N 2-like transition state involving an intimate ion-pair over a Cram-type free oxocarbenium ion 14 . 2-. 
Methoxytetrahydropyran (entry 12) reacted to give products of both exocyclic and endocyclic carbon-oxygen 
bond fission, a result similar to Guindon's 15 findings on the reaction of THP^and THF ethers with 
dimethylboron bromide. By comparison, trans-2-methoxy-3-trimethylsilyloxytetrahydropyran (entry 13), 
prepared by silylation of the corresponding alcohol with triethylamine and chlorotrimethylsilane, reacted to 
afford the exocyclic substituted product 45 as a mixture of diastereomers (synianti = 25:1). 

b) The effect of solvent, counter-ion and Lewis acid. 

From the reactions in Table 1, it became apparent that the choice of solvent for a particular substrate is 
of crucial importance. For acyclic acetals, THF is the solvent of choice and is convenient for preparing the 
borate reagent. For substrates of lower Lewis basicity, notably dioxanes and dioxolanes 16 , for which THF 
competes for the Lewis acid, methylene chloride is the preferred solvent. In these cases the THF used to 
prepare the borate must be removed and replaced. Hexane may also be used for the reaction and "progress can 
be monitored by the dissolution of the insoluble borate reagent. (O^S) Acetals may be allylated in low yield 
using this solvent. Scheme 3. 



Reactions of acslals with U + BuB~(alIyl) 3 (l-3eq) and TMSOTf (1.2cq) in THF at -78°C to 0° 




TABLE 1 (cont) 



ACETAL 



PRODUCT 



YIELD % 



MeO^^-v^XM 
OMe OMe 
(8) 



Me 




Me 



(9) OMe 




(27) OMe 



69° 
<1:1) 

70 
(1.1) 



PfaS 



(10) OEt 



(28) oa 



64 



TBDMSO 



/k^OMe 
(11) OMe 



TBDMSO 




(29) OMe 



33 
(1:1) 



O" 



Me 

(12) 




24 



40 



O^Me c 
(13) 
OTMS 



LAoh (32) 



a: isolated yield after chromatography. 

b: two equivalents of TMSOTf and borate were used. 

c: prepared in&itu from alcohol with TMSQ + NEt^ 



61 
(1:2.5) 




(i) Ii + BuB"(aIlyI) 3 / TMSOTf / hexane / -78°C to 25°C. 

(ii) HOO~. 

Scheme 3 

Exchange of the lithium cation of lithium methyltriallylborate with benzyltrietbylammonium chloride to 
generate benzyltriethylammomum methyltriallylborate resulted in complete loss of allylation activity 
emphasizing the importance of the presence of a hard cation to ensure allyl transfer. 

Finally, TMSOTf proved to be the only viable Lewis acid for the reaction- Tia 4 gave rise to dark green 
solutions with formation of a precipitate and no allylation was observed. SnCl 4 did promote reaction but gave 
a much lower yield of substitution (33% with 1,1-dimethoxyoctane) coupled with demethylation. Other 
Lewis acids, e.g. BF 3 £t^) and A1CI 3 , did not promote the allylation reaction at all. 
c) Ligands on Boron. 

An interesting aspect of the reaction is the range of nucleqphiles that can be used to form the borate. 
Use of lithium methyltriallylborate, formed with methyllithhim, resulted in a 90% isolated yield of homoallyl 
ether from 1,1-dimethoxyoctane compared to 75% with the corresponding butyl reagent Thus, suppression of 
hydride reduction appears possible. In this case, if ether is used as the methyllithium solvent, it must be 
removed and replaced by THF to ensure" borate formation. Oxygen nucleophiles such as mefhoxide may be 
used to generate the triallylborinate but yields are reduced to around fifty percent. Sodium cyanide may be 
used to form the cyanoallylborate which still functions as a good allylating agent (75% with 1,1- 
dimethoxyoctane) without involvement of a Lewis acid promoted 1,2 inigratipn reaction, well known "forthis 
class of compound. By comparison, the allylboronate prepared from butyllithium and allyl(l,3- 
propanedioxy)boraneW allylated benzaldehyde acetal in competition with a transacetalisation^o reaction 
affording 2-phenyl-l,3-dioxane, both products being obtained in low yield. The latter product presumably 
arises via a transmc*allanon reaction of the boron-oxygen bond by TMSOTf as the first step. The use of 9- 
BBN as a blocking group was also investigated. 9-AIlyl-9-BBNi».2* was prepared by nucleopbilic substitution 
of 9-methoxy-9-BBN with allyl Grignard. Conversion to the "ate" complex with n-butyllitbium produced the 
reagent lithium 9-alIyI-9-butyl-9-boratabicycIo(33.1]nonane, which reacted with 1,1-dimethoxyoctane in THF 
with TMSOTf at -78'C to 0°C to afford the homoallyl ether in a lower yield compared with using lithium n- 
butyltriallylborate, although the yield did increase with excess reagent The results of various borate reactions 
are summarised in Table 2. 



Reaction of various borates (leq) with acetals at -78°C 1 o 0°C in THF with TMSOTf (leq) 



ACETAL 



BORATE 



PRODUCT(S) 



YIELD % 



OMe 



n-C^H^CHfOMe^ Li+MeBXallyi^ 

Li + BoB _ (aUyl) 3 
Na+NCB'CaUyl^ 

BrMg+B^aUyl)^ 
Li + BnB"BBN(aIlyl) c 



B - C 7 H 15^ 



U+MeOB'CaUyl^ 



PhCH(OMc) 2 




a : yield after chromatography. 

b : 1,4 - dioxane as solvent at 25°C 

c : prepared from allyl-9-BBN with n-BuIi. 




90 



75 



75 



66 



27 



43 



48 



17 



18 



) Mechanistic ana stereoselectivity studies. 

A number of experiments were carried out to glean mechanistic information on the reaction as well as to 
robe the possibility of diastereoselection. Regarding the former of particular interest was the question of 
ompatibility 22 between organometallic and Lewis acid and whet ler the allyl group is transferred from boron 
t silicon during carbon-carbon bond formation. The first experi nental observation was that the Lewis acid, 
orate and acetal may be added in any order without significantly affecting the outcome of the reaction. An 
■xperraient was performed based on the fact that allyltrimethylsilane in the presence of a catalytic amount of 
fMSOTf does not react with benzaldehyde even "under forcing c onditions 23 ". Lithium 9-aIlyl-9- 
mtylboratabicyclo[33/l]nonane was chosen as the allyl source so as to have only one equivalent of allyl 
jroup per equivalent of acetaL Reaction of the borate with benzaldehyde and TMSOTf (1.2 equivalents) did 
jroceed (-78°C to 0°C) to give the corresponding homoallylic alcohol (43%). Thus, siace 
lUyltrimethylsilane/TMSOTf does not react with benzaldehyde u ader these conditions one can conclude that 
xansmetallation does not take place at -78°C in this case and that ; 
silicon. Scheme 4. 



allyl transfer proceeds from boron and not 



a * 




CHO (i ),(if 



(i) TMSOTf I THF / -78°C to 0°Q 



(ii)HOO 



Scheme 4 




As further supppoit for this hypothesis, half of an equivalent of TMSOTf was mixed with the same 
borate at -78°C and stirred for thirty minutes. 1, 1-Dimethoxyocta ae was then added and the solution warmed 
to 0°C to afeford 21% of isolated homoallylic ether (22). The yiek compares favourably with that obtained 
with this borate in previous reactions (27% from Table 2). Thus, Due can conclude that no transmetallation 
consuming the Lewis acid takes place at -78°C and that allyl transfer in this case is from boron and not silicon. 
Finally, lithium n-butyltriallylborate and TMSOTf were mixed in d g THF at -78*C, the mixture lefi stirring for 
one hour and the volatile contents then vacuum distilled into a trap at liquid nitrogen temperature (-196°Q- 
However, the reaction flask had to be removed from the acetone/d ry-ice bath to ensure complete distillation of 
the volatile components. Analysis of the distillate by l H nmr did reveal the presence of allyltrimethylsilane so 
one may conclude that transmetallation does take place between P8°C. and 0°C in this case. However, there is 
no evidence to support a transmetallation reaction preceding allyl transfer from boron occurring during acetal 
substitution. A "B nmr study of this reaction would establish coc lpatibility unambiguously. 

Another pertinent mechanistic aspect is to what extent diall) Ibutylborane, the product of initial allyl 
transfer, participates competitively in subsequent allyl transfer. Y amamoto 24 has shown that allyl-9-BBN 
allyiates acetals at low temperature using TiCl 4 . Therefore, a competition experiment was designed. The 
reaction between lithium methyltriallylborate and 1,1-dimethoxyo^ane activated by TMSOTf 
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(1 2 equivalents) was allowed to proceed for ninety minutes at -78°C. Subsequently l,l-dimethoxy-2- 
phe^ethane was added followed by a further 1.2 equivalents of TMSOTf. After a further . ninety minutes at . 
78'C the reaction was quenched with HOO". Scheme 5 summarises the products isolated. From the product 
distribution one may conclude that aUylation proceeds at -TTC essentially exclusively from the borate and 
that diallylbutylborane does not function as an allylating agent at this temperature in competition with the 
borate. 




(i) Li + MeB"(allyl) 3 

(ii) TMSOTf / -78°C / THF 
(iu)PhCH 2 CH(OMe) 2 

(iv) TMSOTf /-78°C 

(v) HOO". 
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SchemeS 



TABLE 3 

Diastereoselectrvity study of crotylation with ^L. in THF with TMSOTf at -78 G 



ACETAL 



in THF w 
K» (E:Z = 4:1) 



PRODUCT(S) 



YIELD % 





OMe 




62(1:3) 



O— ' 



OH 




+ (38) 



21 (1:2) 



35 



(37) 



Stereoselective allylation 25 - 26 has made a significant contribution in recent years to the construction of 
natural products. A key feature in this regard has been the successful development of crotylating agents 26 ^ 
which furnish homoallylic compounds with two contiguous chiral centres. Thus, we decided to study the 
simple dias'tereoselectivity of the reaction using lithium 9'butyl-9-crofeyl-9-boratabicyclo[3.3.1]nonane with 9- 
BBN as a bulky blocking group and just one crotyl group for transfer. The borate was prepared by crotyl 
Grignard subsitution of 9-methoxy-9-BBN followed by H ate n formation with butyUithium. Hie results of 
crotylation inTHF with TMSOTf are presented in Table 3. Hie yield and simple diastereoselectivity (62% 
and 3:1 respectively) of the reaction with 1,1-dimethoxyoctane were good, particularly when one takes into 
account that the E/L ratio of the borate is 8O/20 27 and that ihe presence of TMSOTf may alter this ratio. As 
expected, the dioxolane entry gave low yields of substitution and significant amounts of reduction in THF. As 
observed with other crotylation procedures, transfer proceeded with inversion of double bond configuration. 
Thus, a degree of simple diastereoselection is observed but it is of little preparative value. 



TABLE 4 

Allyiatfcm of chiral acetals with Li + BuB~(aUyl) 3 and TMSOTf. 



R^T^ 




(33) R = Ph 

(34) R = n-Octyl 


(4R,6R) 








GROUP R 


SOLVENT / TEMPERATURE 


YIELD % 


ISOMER RATIO 


Ph (14) 


Hexane / -78°C to 25°C 


83 


1:1 


\ Ph 


Hexane / -78°C / 15hr then to -20°C 


IT 3 


1:1.4 


Ph 


Toluene /-78°C/17hr 


23 b 1 


1:1.8 


n-Octyl (15) Toluene /-78°C/17hr 


0 C 




n-Octyl 


CH 2 C1 2 / -78°C / I5hr then to 25°C 


25 d 


1:1.9 


t 

a : 62% starting material recovered, 
b : 61% starting material recovered. 


+ 28 


OH 

n-CgHjY-^^ 5 ^ 
(35) 


c : quantitative recovery of starting material. 






d:Li + MeB"(allyl) 3 used. 







hope of effecting a highly diastereoselective transformation which would lead to homoallyhc alcohols xn ingb 
enantiomeric excess after cleavage of the chiral auxiliary. This approach has become a very powerful 
procedure* asymmetric^ carbon-carbon bond formation and the mechanistic information to date on the 
penTanedioI system indicates Lewis acid complexion of the oxygen adjacent to the axial methyl gtxjup and an 
intimate ion-pair in the transition state to be cmcial features for achieving high stereoselectivity. From the 
earlier results, we were aware that the low reactivity of dioxanes, particularly in THF,would be a problem. 
The chiral acetals of benzaldehyde and nonanal were prepared and reacted in a variety of solvents and the 
results are presented in Table 4. As evidenced by the yields and diastereomer ratios (ascertained by G.C and 
nmr) one may conclude that the low reactivity of the borate compared to other nucleophiles results in higher 
reaction temperatures being required involving "S N l-like» intermediates^ resulting, unfortunately, m low 
levels of diastereoselection. 

e) Intramolecular studies. 

A further attractive feature of using a borate to deliver an allyl group is the possibility of using a 
proximal hydroxyl group as its alkoxide anion to trap the borane to its bormate, and then to allylate 
intramolecularly in the hope of controlling stereoselectivity. As a simple model to achieve this end, the 
alkoxide of l,l-dimethoxypmpan-2-ol was prepared and reacted with triallylborane to form the bormate 
complex. Addition of TMSOTf afforded the desired allylated product in 74% yield as a 1:1 mixture of 
diastereomers after work-up and chromatography. Scheme 6. 

OH OMe (i) . (iv) OH OMe 

1 X 74% (1:1) 

(16) (39) 

(i)n-BiiLi/THF/-78°C 
V 00B(allyI) 3 

(iii) TMSOTf \ 

(iv) HOO~. 

Scheme 6 

As a model for C-glycoside synthesis^, trans-2-methoxytetrahydropyran-3-ol was subjected to the same 
sequence as above except that once alkoxide formation had taken place, the THF was replaced by CH^ 
The desired allylated product was obtained in 44% yield after chromatography as a 1:1.5 ratio of 
diastereomers with the syn isomer predominating. Although the diastereoselectivity obtained was lower than 
the intermolecular reaction with 2-methoxy-3-trimethylsilyloxytetrahydropyran (entry 13, Table 1), it does 
pave the. way forward for an in-depth study of this type of approach towards allylated C-giycosides. Scheme 7. 

In conclusion, the results of this study, although highlighting the sensitivity of allylation towards 
substrate and reaction conditions, have extended the scope of borate intermolecular transfer reactions and 
show promise for the intramolecular allylation of cyclic acetals using a proximal "anchor" site. 




(i) n-BuU/THF/-20°C 

(ii) B(aUyl) 3 /0 O C 

(iii) Replace THF with CH CI. 

(iv) TMSOTf / -78°C to 0°C. 

(v) HOO\ 



Scheme 7 

Experimental. 

All solvents were purified by standard methods before use. The boron reagents; borane-methyl sulphide 
somplex (10M in BH3), dibromoborane-methyl sulphide complex, 94>orabicyclo[33.1]nonane (0.5M solution 
in hexane), as weU as (2R,4R)-pentanediol t benzaldebyde dimethyl acetal (1) l,l^iimethoxy-2-phenylethane 
(3), l,l T 3 7 3-tetramethoxypropane (8) and 2-methylvaleraldehyde were all purchased from Aldrich Chemical 
Company. n-Butyllithium and methyllithium were purchased from Merck and Fluka chemical companies 
respectively. l,l-Diethoxy-3-ptienylthiopropane (10) was prepared by thiophenoxide substitution of 3-bromo- 
1, 1-diethoxypropane. 

Reactions were carried out using dry techniques as described by C.F. Lane and G.W. Kramer 31 . Product 
separations were carried out by column chromatography using Merck Kieselgel 60 (70-230 mesh). LR- 
spectra were recorded on a PYE UNICAM 9512 spectrophotometer and *H and 13 C nmr spectra recorded on a 
Bruker AC-200 spectrometer at 200.13 and 50.32 MHz respectively. All spectra were recorded in 
deuteriochloroform. High resolution measurements were recorded on a Varian MAT 212 at the CSIR, 
Pretoria. 

1. Syntheses of Acetate, 

Simple acyclic acetals were prepared by treatment of the appropriate aldehyde with methanol and 
concentrated sulphuric acid. Achiral dioxane and dioxolane derivatives were prepared using the aldehyde, 
diol and p-toluenesulphonic aci<L Chiral acetals were prepared using aldehyde, (2R,4R)-pentanediol and p- 
toluenesulphonic add under Dean-Stark conditions. The following acetals were prepared. 2-Phenyl-l,3- 
dioxane«<2)XE>l,l-dimethoxy-3-^^ l,l-dimethoxy-2- 
methylpentane 35 (9), 

a) 2-Heptyl-l t 3^diaxolane* 6 (€) 

5h 0.88(3H, t, J 65 Hz), 1.14-1-52(10H, m), 1.57-1.72(2H, m), 3.77-4.03(4H, m), 4.84{1H, t, J 4.8 Hz) ; 6 C 
14.0, 22.5, 24.0, 29.1, 29.4, 31.7, 33.8, 64.7 and 104.6. 

b) 2-HeptyI-l,3-dioxane" (7) 

% 0.87(3H, t, J 6.4 Hz), 1.16-1.43(12H, m\ 1.50-1.68(1H, m), 1.95-2.20(1H T in), 3.75(2H, dt, J 2.5 and 11.2 
Hz), 4.10(2H, dd,^5 and 10.5 Hz), 4.5(1H, t, J5.0 Hz); 6 C 14.0, 22.5, 23.7, 25.8, 29.1, 29.4, 31.7, 35.2, 66.8 
and 102.4. 



i J 6.2 Hz); 6 C 17.1, 54.4, 66.8, 107 J. 

weK added r^-^^^^^JU - a«— w*. <«> (« ■* **> 

was obtained as an oil; v^tCO^) 2940, 2845, i« , ,ZnH.d.JSSm 
62 HZ), 338<3H, a), 3-»9(3H, a). 3.73(lM, qd, J 6.2 and 55 Hz), 3.98(1H, ' 

;-^3^^ 



62.4, 99.4. 



0 rr^-2-"«*^^^^^ ^ 14 6 ^ in me thanol (10 ml) at -fC was added 

magne sium monopcroxyphthalaie 8 ^16 mmo^ ^ me thanol were removed in and 

overnight at room temperature whereupon umeacted dihyoropyrau filtra te washed with 

ch Worm added to dissolve the produ* ^^^Zn^ afforded (17) (700 mg, W 
aqueous sodium carbonate solution. Drying (MgSO^ ^^"^ 1240cm -i- 6 H 1.44-1.82 

l r .acuumdistmauon(b.p.56-Cat2mmH g );v ^ 
and 1.92-2.k(4H, m). 2.6-2.73(lH, br. s), 3.39-3.55(2^ m), 3.49(3H, s), 3.84-3.95(1*1, h 
Hz) • 6c 23.0, 28.1, 56-0, 63.7, 68.6, 104.5. % 

g) (^SRH^Din^thyl^phenyW-dioxan^ <M> a 46f3H d J69 Hz), 1.96(IH,ddd,J6.2, 

7.56(2H, m); 6 C 1» «* ** "* » 4; °- ^ ^ 13M - 

k)(4K,6RH,e-Dv™tkyl.2^l-lj-'ti£>*°>* n C 1S > d./69Hz) 1.49-1.64(1H, m), 

methoxytriallylborate and magnesium tetraallylborate were all prepared » THF by addmon 



nucleophile to triallylborane under nitrogen to afford solutions of known molarity. Lithium 9-allyl-9-butyl-9- 
boratabicyclo[3.3.1]nonane and lithium 9-crotyl-9-butyl-9-boratabicyclo[3.3.1]nonane were prepared from 9- 
allyl-9-BBN and 9-crotyl-9-BBN respectively with n-butyllithium. 

3. Intennolecular aUylatiou studies with lithium n-butyltrialh/iborate. 

General procedure 

To a stirred solution of acetal (1 mmol) and TMSOTf (0.22 ml. 1-2 mmol) in THF (cc. 3 mis) at -78°C was 
added dropwise a solution of lithium n-butyltriallylborate (3 ml of a 0.43 M solution, 1.3 mmol) in THF. The 
reaction mixture was allowed to warm slowly to O'C and then quenched with an alkaline peroxide solution of 
KOH (80 mg, 1.5 mmol), H^OJi ml, 9.6 M, 4.8 mmol) and methanol (3 ml). After stirring for one hour at 
room temperature, the solution was extracted with ether (3 x 30 ml), the combined extracts dried (MgSO^) 
and the solvents removed under vacuum to afford pure produces) after column chromatography (eluent: 
hexane/dichloromethane mixtures). 

Results from Table 1 

a) Reaction with 1,1-dimethaxyphenylmethane (1) gave l-methoxy-l-phenyl-3-butene (18) 94%; 
Vnulx (CHCl3) 1650 cm-t; &h 2.40(1H, m), 2.57(1H, m), 3.20(3H, s), 4.15(1H, dd, J 5.9 and 7.4 Hz), 5.06(2H, 
m), 5.77(1H, m), 7.24-7.36(5H, m); 5 C 425, 56.5, 83.6, 116.7, 126.6, 127.8, 128.2, 134.7, 141.6; HRMS m/z 
calaLfor CgltyD (M+-C 3 H 5 ) 121.0653, found 121.0651. 

b) WUh2-phenyl-l,3~diaxane(2) 

Yield of 4-oxa-5-imenyl-7-octen-l-ol (19) = 71%; &h 1.78(2H, q, J 5.7 Hz), 2.36-2 J8(2H, m), 2.76(1H, br. s), 
3.37-356(2H, m), 3.74(2H, t, J 5.7 Hz), 4.28(1H, dd, J 5.6 and 7.7 Hz), 5.00-5.11(2H, m), 5.66-5.84(lH, m), 
7.23-7.39(5H, m); 6 C 31.9, 42.6, 61.8, 68.0, 82.2, 117.1, 126.5, 127.6, 128.3. 134.5, 141.6; HRMS m/z calcd 
for C 10 H 13 C>2 (M*-CjU 5 ) 165.0916, found 165.0916. 

c) With 1.1 -dimethoxy-2-phenylethane (3) 

Yield of 2-methoxy-l-phenyl-4-pentene (20) = 75%; (CHCI^ 1620 cm-»; 6h 2.23(2H, m), 2.77(2H, dd, 
J 13 and 7.7 Hz), 3-30(3H, s ), 3.43(1H, q, J 6.0 Hz), 5.01-5.07 and 5.08-5.14 (2H, m), 5.85(1H, m), 7.13- 
7.31(5H, m); 6 C 37.4, 39.7, 56.9, 81.6, 117.0, 126.0, 128.1, 129.3, 134.6, 138.8; HRMS m/z calcd. for C£L n O 
(M+-C 3 Hj) 135.0810, found 135.0807. 

d) With (E)-lJ-dimethaxy-3-phenyl-2-propene (4) 

Yield of (E)-3-methoxy-l-phenyl-l^-hexadiene (21) was 22%; Vj^CHClj) 1615 cm-i; 6h 2.29-253(2H, 
m), 3.32(3H, s), 3.77(1H, m), 5.03-5.17(2H, m), 5.84(1H, ddt, J 7.0, 10.1 and 17.2 Hz), 6.07(1H, dd, J 7.9 and 
16.0 Hz), 6.55(1H, d,J 16.0 Hz), 7.19-7.43(5H, m); 6 C 40.2, 56.3, 82.0, 117.1, 126.5, 127.7, 128.6, 129.6, 
132.5, 134.4, 136.5; HRMS m/z calcd. for C 10 H u O (M'-C^) 147.0810, found 147.0807. 

e) With 1, 1 -diniethoxyoctane (5) 

Yield of 4-methoxy-l-undecene (22) = 75%; % 0.88(3H, t, J 6.7 Hz), 1.11-1.63(12H, m), 2.26(2H, t, J 5.8 
Hz), 3.20(1H, t, J 2.9 Hz), 3,34(3H, s), 5.01-5.13(2H, m), 5.72-5.92(lH, ddt, J 7.1, 10.2 and 17.1 Hz); 6 C 
14.1, 22.6, 25.3, 29.3, 29.7, 31.8, 33.4, 37.7, 56.5, 80.5, 116.7, 135.0; HRMS m/z calcd. for C 9 H 19 0 (M+- 
C 3 H 5 ) 143.1436, found 143.1434. 

f) With 2-heptyl-l r 3-dwxolane (€) 

Yield of 4-heptyl-3-oxa-6-hepten-l-ol (23) = 61%; v max (Ca 4 ) 3700-3200, 1635 cm- 1 ; 6^.88(3^ t, J 6.4 
Hz), 1.12-1.63(12H, m), 2.20-2 -33(2H,m), 2.49(1H, br. s), 3.35(1H, quintet, J 5.8 Hz), 3.49-3.61(2H, m), 



Yield of 5-heptyl-4-oxa-7-octen-l-ol (24) = 38%; Vinax (CCl^) 3700-3400, 1630 car»; &h 0.88(3H, t, 7 6.5 
Hz), 1.17-1.61(12H,m), 1.81(2H, quintet, J 5.6 Hz), 2.18-2.33(2H, m), 2.79(1H, br.s), 331(1H, quintet, J 5.8 
Hz), 335-3.62(2H, m), 3.76(2H, t, J 5.5 Hz), 5.03-5. 13(2H, m), 5.71-5.92(1H, m); 6 C 14.0, 22.6, 253., 29.2, 
29.6, 31.8, 32.1, 33:6, 39.2, 62-2, 68.4, 79.5, 116.9, 134.9; HRMS m/z calcd. for C U H230 2 (M+.C^Hj) 
187.1698, found 187.1700. 

Yield of 3-ocryloxypropan-l-oI (25) = 26%; (CCI4) 3700-3200, 1645 cm-i; % 0.88(3H, t, J 6.5 Hz), 
1.08-1.54(10H, m), 1.46-1.64(2H, m), 1.83(2H, quintet, 7 5.7 Hz), 2.74(1H, br.s), 3.43(2H, t, J 6.6 Hz), 
3.61(2H, t, J 5.7 Hz), 3.77(2H, t, J 5.6 Hz); 6c 14.0, 22.6, 26.1, 29.2, 29.4, 29.6, 31.8, 31.9, 62.2, 70.2, 71.4. 

h) With 1,1,3^-tetramethoxypropane (8) 

Yield of 4,6-dimethoxy-l,8-nonadiene 10 (26) = 69% as a 1:1.2 mixture of diastereomers; (CHCI3) 1635 
cm-i; 65, 1.53(2H, dd, J 5.6 and 7.2 Hz), 1.60(1H, t, / 5.9 Hz), 1.75(1H, t, J 6.8 Hz), 2.24-233(2 x 4H, m), 
3.28-332(2 x 2H, m), 3.33(2 x 3H, s), 336(2 x 3H, s), 5.03-5.14(2 x 4H, m), 5.70-5.92(2 x 2H, m); 6 C 37.1, 
37.6, 38.0, 393, 563, 56.7, 76.8, 773, 117.0, 117.1, 134.4, 134-5. 

i) With 1, 1 -dimethoxy-2-methylpentane (9) 

Yield of 4-methoxy-5-methyl-l-octene« (27) = 70% as a 1:1.1 mixture of diastereomers; 6 H 0.70-0.97(2 x 
6H, m), 1.02-1.47(2 x 5H, m), 2.13-232(2 x 2H, m), 2.99-3.09(2 x 1H), 334(3H, s), 335(3H, s), 5.01-5.13(2 
x 2H, m), 5.73-5.97(2 x 1H, m). 
j) Wiift J, 2 -diethoxy-3-phenylthiopropane (10) 

Yield of 4-ethoxy-6-phenylthio-l-hexene (28) = 64%; % 1.17(3H, t, J 7.0 Hz), 1.78(2H, m), 2J25(2H, m), 
3.00(2H, m), 332-3.64(3H, m), 5.05(2H, m), 5.87(1H, ddt, J 7.1, 103 and 16.9 Hz), 7.08-7. 18(1H, m), 7.19- 
7.34(4H, m); 6 C 15.4, 29.4, 33.4, 38.2, 64.4, 77.0, 117.0, 125.5, 128.7, 1283, 134.4, 136.6; HRMS m/z calcd. 
for C^H^OS (M+) 236.1235, found 236.1230. 

k) With lJ-dimethojy-2-[(14-dimethyIethyt)dimethylsifyhxy]pr^ (11) 

Yield of 4-methoxy-5-[(l,l-dimethylethyl)dimethylsilyloxy3-l-hexene (29) = 33% as a 1:1 mixture of 
diastereomek; 6h 0.07 (2 x 6H, s),0.89(2 x 9H, s), 1.09(3H, d, / 6.4 Hz), 1.15(3H, d, J 6.2 Hz), 2.03-2.46(2 x 
2H, m), 3.02-3.13(2 x 1H, m), 3.39(3H, s), 3.42(3H, s). 3.72-3.85(lH, m), 3.85-3.98(lH, m), 4.99-5.16(4H, 
m), 5.76-6.00(2H, m); HRMS mlz calcd. for C^H^OSi (M+-CH5O) 211.1519,'found 211,1510. 
1) With 2-methaxytetrahydropyran (12) 

Yield of 2<2-propenyl)tetrahydropyran*t (30) = 24%. Yield of 5-methoxy-7-octen-l-ol (31) = 40%; 6 H 
1.14-1.70(6H, m), 1.88-2.13(1H, broad s,), 220-238(2H, m), 333(3H, s), 339-3.63(3H, m).4.99-5.17(2H, m), 
5.70-5.94(lH, m)) 6 C 21.5, 31.6, 33.0, 37.6, 563, 62.6, 80.4, 116.8, 134.8. 
m) Wuh trans-2-methoxy-3-trimethy!sityloxytetrahydropyran (13). 

Reaction carried out in CH 2 CI 2 to afford 2-(2-propenyl)tetrahydropyran-3-ol 45 (32) in 82% yield as a 1:23 
mixture of diastereomers; % (major diastereomer) 1.26-1.47(2H, m), 1.81-2.16(2H, m), 2.17-2.52(2H, m), 
2.46-2.64(lH, br.s,) 3.25-3.56(2H, m), 3.61-3.75(1H, m), 3.84-4.05(lH, m), 5.02-5.19(2H, m), 5.72-6.03(lH, 
m); 6 C 19.9, 30.5, 36.2, 65.8, 68.4, 79.5, 116.9, 134.4. &h (minor diastereomer) 1.50-2.16(4H, m), 2.17- 
2.52(1H, m), 2.62-2.70(iH, m), 2.66-2.96(lH, broad, s). 3.05-3.16(lH, ddd, J 3.4, 7.9 and 8.8 Hz), 3.42- 
3.56(2H, m). 3.84^.05(1H, m), 5.02-5.19(2H, m), 5.72-6.03(lH, m); 6 C 25.4, 32.6, 36.6, 67.5, 69.7, 81.7, 
116.5, 135.1. 



n) With (4R,6R)^,6^dimethyl-2-phenyUl,3r^ 

Yield of (2R,4R)-4-methyl-5HDxa-6-phenyl-8-nonen-2-ol (33) in hexane was 83% as a 1:1 mixture of 
diastereomers; % (2 diastereomers) 1.02(3H, d, J 6.4 Hz), 1.09(3H, d, J 6,3 Hz), 1.18(2 x 3H, d, J 6.2 Hz), 
1.41-1.82(2 x 2H, m), 2.27-2,63(2 x 2H, m), 3.01(1H, br.s), 3.28(1H, broad s), 3-53-3.68(lH, m), 3.68- 
3.85(1H, m), 3.98-423(2 x 1H, m), 4,40(1H, t, J 5.6 Hz). 4.44(1H, t, J 5.4 Hz), 4.98-5.13(2 x 2H, m), 5.62- 
5.87(2 x 1H, m), 7.16-7.46(2 x 5H, m); 6 C (2 diastereomers) 18.1, 203, 23.1, 23.6, 42.5, 42.8, 43.4, 44.7, 
63.9, 64.1, 69.5, 72.4, 78.4, 803, 117.0, 117.4, 126.5, 126.7, 1273, 127.7, 128.1, 1283, 134.4, 134.5, 141.5, 
. 141.7; HRMS m/z calcd. for C 12 H 17 0 2 (M+-C 3 H 5 ) 194.1229, found 194.1231. 
o) Reaction of (4R, 6R )^,6-dimeihyl-2-<>ctyl-l,3-dioxane (15) with lithium methyltriallylborate in 
dichloromethane/ -78°C to RT. 

Yield of (2R,4R)-4-methyl-6-octyl-5-oxa-8-nonen-2-ol 46 (34) was 25% as a 1:1.9 mixture of diastereomers. 
Yield of l-dodecen-4~ol^ (35) was 28%; 6 H 0.88(3H, t, / 63 Hz), 1.18-1.61(14H, m), 1.65-1.78(1H, s, 
OH), 2.05-238(2H, m), 3.58-3.70(lH, m), 5.08-5.19(2H, m), 5.73-5.94(lH, m); 6 C 14.1, 22.7, 25.7, 293, 
29,6,29.7,31.9,36.6,41.9,70.7,118.0,134.9. 

4. Diastereoselectivity studies with Iithlum-9-butyl-9-crotyI-9-boratabicycloG33.1]aonaoe > (Table 3) 

a) Reaction with 1,1-dimethoxy octane. 

To a stirred solution of 1,1-dimethoxyoctane (186 mg, 1.06 mmol) in THF (ca. 2 ml) at -78*C were added 
dropwise a solution of lithium 9-butyi-9-crotyi-9-boratabicyclo[33,l]nonane (3 ml of a 0.43 M solution, 13 
mmol) in THF followed by TMSOTf (023 ml, 1.27 mmol). The reaction mixture was allowed to warm 
slowly to 0 a C and then quenched with an alkaline peroxide solution of KOH (80 mg, 1.5 mmol) in H 2 O2 (05 
ml, 9.6 M, 4.8 mmol) and methanol (3 ml)- After stirring for one hour at room temperature, water (20 ml) was 
added and the solution was extracted with ether (3 x 30 nil), the combined extracts dried (MgSO^ and the 
solvent removed to afford 4~methoxy-3-methyl-l-undecene (36) (130 mg, 0.66 mmol, 62%) after column 
chromatography as a 13 mixture of diastereomers; v max (CCl^) 1640 cm* 1 ; 6g (2 diastereomers) 0.88(2 x 3H, 
t, J 6.5 Hz), 1.00(3H, d, J 6.8 Hz), 1.01(3H, d, J 6.9 Hz), 1.16-1.49(2 x 12H, m), 2.31-2.55(2 x 1H, m), 2.93- 
3.08(2 x 1H, m), 3.36(2 x 3H, s), 4.95-5.09(2 x 2H, m), 5.7-5.90(2 x 1H); 6c 14.1, 14.8, 15.4, 22.6, 25.6, 25.9, 
293, 29.8, 30.5, 30.7, 31.8, 40.1, 40.5, 57.5, 57.7, 74.6, 85.0, 114.1, 1143, 140.9, 141.1. 
(b) With 2-heptyl-lJ-diaxolane. 

The same procedure was used as above to afford 2-octyloxyethanol 48 (37^ in 35% yield and 4~heptyl-5- 
methy!-3-oxa-6-hepten-l-ol (38) in 21% yield as a 1:2 mixture of diastereomers; 6 H (2 diastereomers) 0.88(2 
x 3H, t, J 65 Hz), 1.01(3H, d, J 6.9 Hz), 1.02(3H, d, J 6.9 Hz), 1.18-1.54(2 x 12H, m), 2.25(2 x 1H, dd, J 6 
and 11.6 Hz, OH), 2.34-2:53(2 x 1H, m), 3.11-3.23(2 x 1H, m), 3.52-3.63(2 x 2H, m), 3.65-3.77(2 x 2H, m), 
4.97-5.12(2 x 2H, m), 5.69-5.93(2 x 1H, m); 6c (2 diastereomers) 14.1, 15.1, 15.2, 22.6, 25.7, 293, 29.8, 30.8, 
31.1, 31.8, 40.7, 40.8, 62.4, 70.8, 70.9, 83.8, 114.4, 114.6, 141.1; HRMS m/z calcd. for C 10 H 2i O 2 (M'-C^) 
173.1542, found 173.1561. 

5. Competition experiment involving two acetate 

To a stirred solution of 1,1-dimethoxyoctane (179 mg, 1.03 mmol) in THF (ca. 2 ml) at -78°C were added 
dropwise a solution of lithium methyltriallylborate (3 ml of a 0.4M solution, 1.2 mmol) in THF followed by 
TMSOTf (0.22 ml, 12 mmol). The reaction mixture was stirred at -78 °C for ninety minutes whereupon a 
solution of l,l-dimethoxy-2-phenylethane (162 mg, 0.97 mmol) in THF (ca. 2 ml) was then added dropwise at 
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-78°C, followed by more TMSOTf (0.22 ml, 1.2 mmol). The reaction mixture was stirred at -78°C for a 
further ninety minutes and then quenched with an alkaline peroxide solution of KOH (160 mg, 3 mmol) and 
H 2 0 2 (1 ml, 9.6 M, 9.6 mmol) in methanol (6 ml). After stirring for one hour followed by the normal work- 
up, the reaction mixture was chromatographed to give 4-memoxy-l-undecene (22) (128 mg, 0.7 mm61, 68%), 
2-methoxy-l-phenyl-5-peniene (20) (14 mg, 0.08 mmol, 8%) and recovered starting materials, 1,1- 
dimethoxyoctane (9%) and l,l-dimethoxy-2-phenylethane (79%). The spectral characteristics of the products 
were consistent with those obtained previously. 

6. Intramolecular allylation studies 

a) With l,l-dimethaxy-2-propanol (16) 

To a stirred solution of l,l-dimethoxy-2-propanol (123 mg, 1.02 mmol) in THF (2 ml) at -78 a C was added n- 
butyllithium (0.64 ml, 1.03 mmol) and the mixture was stirred for ten minutes before adding triallylborane 
(0.2 ml, 1.12 mmol). The solution was allowed to warm slowly to -40"C before being recooled to -78°C 
whereupon TMSOTf (0.22 ml, 1.2 mmol) was added. The reaction mixture was allowed to warm to 0°C 
before being quenched with alkaline peroxide consisting of KOH (80 mg, 1.5 mmol), H 2 0 2 (0.5 ml, 9.6 M, 
4.5 mmol)and methanol (5 ml). After thirty minutes, water (20 ml) was added and the solution extracted with 
ether (3 x 20 ml). Drying (MgSO^j) and removal of solvent afforded 3-raethoxy-5-hexen-2-ol (39) (98 mg, 
0.75 mmol, 74%) after column chromatography as a 1:1 mixture of diastereomeis; 6 H (2 diastereomers) 1.04 
(2 x 3H, d, J 6.0 Hz), 1.98-2.30 (2 x 2H, m), 3.08-3.28 (2 x 1H, m), 330(3H, s), 3.32(3H, s), 3\58(2 x 1H, m), 
3.92(2 x 1H, d, OH), 4.72-5.16(2 x 2H, m), 536-6.13(2 x 1H, m). Silylation of (39) with t-butyldimethylsilyl 
chloride and imidazole in DMF gave a compound with identical spectral characteristics to (29) obtained from 
the intermolecular route. 

b) With trans-2-methaxytetrahydropyran-3-ol (17) 

To a stirred solution of trans-2-methoxytetrahydropyran-3-ol (149 mg, 1.13 mmol) in THF (2 mi) at -20°C was 
added n-butylhthium (0.75 ml, 1.65 M, 125 mmol) in hexane. The reaction mixture was stirred for 30 mins 
and then neat triallylborane (0.2 ml, 1.3 mmol) added. The mixture was allowed to warm slowly to 0"C and 
the THF removed in vacuo using a double manifold system. Dichloromethane (4 ml) was introduced into the 
flask, the mixture cooled to -78*C and TMSOTf (035 ml, 1.4 mmol) added. The mixture was allowed to 
warm to 0°C then quenched with a mixture of KOH (80 mg, 1.5 mmol) andNaB0 3 (0.8 g, 5 mmol) in H 2 0 (5 
ml). After stirring for thirty minutes at room temperature, water (20 ml) was added and the solution extracted 
with ethyl acetate (3 x 30 ml). After drying (MgSO^ and removal of solvent, 2-(2-propenyl)tetrahydropyran- 
3-ol 45 (32) (70 mg, 44%) was obtained after column chromatography as a 1:1.5 mixture of diastereomers. 
The spectral characteristics were identical with those obtained for the compound from the intermolecular 
pathway. 
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